IVC filters have been widely accepted as an effective method to prevent pulmonary embolism (PE) in patients with deep venous thrombosis (DVT). However, the placement of IVC filters is associated with significant complications and filter retrieval can be challenging when the filter struts are embedded into the caval wall.
Background
Pulmonary embolism (PE) is a serious disease with significant morbidity and mortality rates and brings huge economic burden to society [1] . Inferior vena cava (IVC) filters were first developed in 1967 and now have been widely accepted as an effective method to prevent PE in patients with deep venous thrombosis (DVT) [2] . However, along with widespread application, the placement of IVC filters is associated with significant complications such as chronic IVC thrombosis, development of postthrombotic syndrome, IVC perforation, and filter tilting and migration [3] .
Thus, the US Food and Drug Administration (FDA) in 2010 issued a safety alert recommending physicians and clinicians responsible for the ongoing care of patients with retrievable IVC filters consider removing the filter as soon as protection from pulmonary embolism is no longer needed.
This trend has led to attempting IVC filter retrievals with prolonged in-dwell times, particularly in patients who have long life expectancy. Although the successful retrieval rate for a retrievable filter was 70-100% [4] , some filters could not be retrieved due to technical issues or patient-related problems [2] . Our study concentrates predominately on solving this technical problem.
The desire to retrieve filters has led to the development and use of various advanced retrieval techniques to increase the retrieval success rate. Several unconventional techniques, such as loop-snare technique and use of endobronchial forceps, have been described [5, 6] . However, most of these advanced techniques are designed for cone-shaped tilted or tip-embedded filters. There are few techniques specifically described for retrieval of strut-embedded cylindrical-shaped filters, such as OptEase and Aegisy [7, 8] .
We performed a retrospective study of patients who underwent successful retrieval of strut-embedded retrievable filters using the bidirectional pull-back technique. Here, we present results from our single-center experience on endovascular filter retrieval with this technique.
Material and Methods

Patients
We reviewed medical records of all patients who received filter retrieval in our center from March 2014 to May 2016. The local institutional review board approved this retrospective review. Criteria for inclusion were patients who received filter implantation exceeding routine retrieval window of 12 days [9] and radiologically diagnosed with strut-embedded filter, and who finally underwent bidirectional pull-back technique after failed standard retrieval. A strut-embedded filter was defined as being refractory to standard snare techniques and nominal traction recommended by the manufacturer [10] . Over a 26-month period, 15 consecutive patients (mean age 44.07 years, range 30-59 years) were deemed appropriate candidates and underwent aggressive attempted filter retrieval involving bidirectional pull-back technique. All patients are listed in Table 1 . Indications for filter placement were prophylactic for increased risk of thromboembolic disease (n=6), for massive pulmonary embolism (n=2), for complications of anticoagulation (n=3), or for protection during catheter-directed thrombolysis (n=4). In all attempted retrievals, the indication of an IVC filter was no longer present. Data were collected with regard to patient characteristics, treatment method, filter types, filter placement, and filter retrieval venograms. All patients were scheduled for routine clinical follow-up after discharge with inpatient examinations or outpatient visits.
Before the procedure, the potential risks, such as caval perforation, thrombosis, and filter fracture, were explained. Written informed consent for the complexed retrieval of the IVC filter was obtained from all patients.
Technique and procedure
Before retrieval attempts, all patients were assessed by lower-extremity venous duplexes or conventional venography to exclude deep venous thrombosis or caval thrombus. IVC filter retrievals were all performed by experienced vascular surgeons in a dedicated suite. Occlusion balloons and vascular covered stents were prepared in case of emergency during the procedure.
All patients received prior anticoagulation with either enoxaparin (4000 iu subcutaneously, twice daily) or warfarin (target international normalized ratio of 2-3). We also gave additional therapeutic anticoagulation with low molecular weight heparin (1 mg/Kg) during retrieval attempts to minimize intraprocedural thrombotic risk. All the procedures were performed under local anesthesia and the complex technique herein described was applied after the first failed attempt with standard technique. Under ultrasound guidance, the right femoral vein was punctured as the venous access. Using a small-gauge needle to avoid inadvertent puncture of the adjacent femoral artery, a 10-F introducer sheath (Cook, Bloomington, IN) was inserted through the vein in which all subsequent catheter and wire exchanges were performed. A 260-cm stiff wire (Terumo, Somerset, NJ) was placed with the tip positioned in the lower IVC, then a 5-F pig-tail catheter (Cook, Bloomington, IN) was advanced over the wire and formed below the level of the filter. Contrast medium was infused through the catheter 2797 to reconfirm the patency and position of the filter ( Figure 1A ). When excluding thrombus or other cava abnormity, the 10-F introducer sheath was exchanged for a 10-F-long sheath (Cook, Bloomington, IN) and the pig-tail catheter was replaced by an Amplatz gooseneck snare (ev3, Plymouth, MN). The gooseneck snare was advanced through the 10-F long sheath and attempts were made to engage the caudal hook of the filter. At the discretion of another surgeon, the right internal jugular vein was used as the second venous access. The other 10-F long sheath was introduced through the right jugular approach and a second gooseneck snare was slowly advanced toward the proximal IVC and opened within the cone of the filter to capture the cranial apex ( Figure 1B ). Because the filter lacked a cranial hook, the snare device was tightened while gentle traction was continuously applied on the snare once it engaged the cranial apex ( Figure 1C ). Either way, if the snare could not engage the apex firmly, the snare device was formed open below the upper apex, and the free end of the wire was threaded into the open snare device through an opposite interstice. The wire tip was then engaged and pulled through the filter interstice while the outer end of the wire was fed, forming a wire loop through the filter, which is similar to the snare-overwire loop technique [11] (Figure 1D ). Once the control of each tip was established, the same gentle tractions were applied on the 2 gooseneck snares in opposite directions, collapsing the filter into the caudal sheath. Alternatively, if the filter could not be removed, the jugular and femoral sheaths were advanced toward each other to produce parallel shear force. This motion had to be repeated several times to separate the embedded struts from the hyperplastic neointimal tissue ( Figure 1E ). With the help of bidirectional tractions and shear force, the filter was dissected from the caval wall and then retrieved into the inferior 10-F long sheath ( Figure 1F ). When the filter was removed, immediate venography was performed to confirm there was no contrast agent extravasation or IVC stenosis.
After retrieval, 2 patients continued therapeutic anticoagulation for underlying thrombophilia, whereas an attempt to discontinue anticoagulation was made in all other patients after successful filter removal. All filter-adherent specimens were submitted to pathological examination for histologic evaluation of vessel wall elements. All patients were scheduled for routine clinical follow-up to monitor any procedure-related complications. A CT was performed 1 month after the procedure and then annually to assess the patency rate after iliac vein stenting. All patients were contacted at a mean followup time of 12 months (range, 8-14 months) and were interviewed by telephone to assess quality of life after treatment and to obtain possible evidence of postthrombotic syndrome.
Results
Over 26 months, 15 patients diagnosed with strut-embedded filter were refractory to standard methods. Six patients received filter implantation in the base hospitals. They had sought filter retrieval in regional hospitals, but failed. The filter was unable to be collapsed into sheath with a gooseneck snare. Intraoperative venography revealed that neither filter tilting, migration, nor penetration of the caval wall occurred. Table 2 ). The right internal jugular vein and femoral vein were patent and provided sufficient venous access in all patients. One patient complained of mild back pain but postoperative venography revealed no contrast media extravasation or caval narrowing. For 2 Aegisy filter retrievals, due to densely fibrinous tissue that prevented full collapse of the filter, attached tissue was removed along with the filter into the femoral sheath. Histologic analysis of adherent tissue from the retrieved specimens revealed a predominance of neointimal hyperplasia and organizing thrombus (Figure 2 ). During all retrieval attempts, there were no procedure-related complications. Immediate postprocedure venography showed no IVC stenosis or contrast extravasation.
Thirteen patients were completely weaned from anticoagulation after discharge, and the other 2 patients continued oral warfarin due to thrombophilia. Two cases diagnosed as MayThurner syndrome received recanalization of iliac vein stenosis with balloon angioplasty and stent placement after retrieval. Additional radiographic follow-up was performed in 1 patient who underwent stent placement in the right common iliac artery. Computed tomography (CT) examination at 1-month follow-up showed no evidence of adjacent aortic injury or retroperitoneal hematoma (Figure 3 ). The remaining patients were followed up by inpatient examinations or outpatient visits at a mean follow-up time of 12 months. After successful retrieval, none of the patients had back pain, abdominal pain, or other discomfort, except 1 woman who complained of intermittent leg heaviness at 2-month follow-up.
Discussion
Although short-term benefits of preventing PE have been shown in patients receiving IVC filters, the long-term benefits and risks from IVC filtration remain uncertain. The PREPIC study, which enrolled 400 patients with proximal DVT with or without PE to receive IVC filter, indicated that filters reduced the frequency of PE at the cost of a long-term increase in DVT and IVC thrombosis with no reduction in mortality [12] . The potential problems and complications related to long-term implantation of filter retrieval were gradually realized with the increasing use of retrievable IVC filters. Adverse outcomes following filter placement included recurrence of DVT, IVC thrombosis, IVC penetration, filter migration, filter tilt, and filter fracture. The estimated incidence of DVT was reported in the PREPIC study to be up to 8.5%, with IVC thrombosis in 1.6% to 8% [12] . The other complications, especially acute procedure-related complications, were rare in published articles [13] .
Incidence of complications differed among various individual filter types. Filter types of all the patients included 11 OptEase vena cava filters (Cordis) and 4 Aegisy vena cava filters (LifeTech), which both had cylindrical-shape and double-basket design. Unlike most available retrieval filters of conical shape, it has 6 struts and barbs to provide resistance to migration. Limited penetration of the IVC wall was necessary to ensure adequate filter anchoring; however, the extensive contact of the filter struts with the caval wall increased the risk of being trapped by neointimal tissue with prolonged in-dwell times. Prompt filter retrieval may decrease potential complications and avoid lifelong anticoagulation in patients with IVC filter.
Various techniques have been described for complex retrieval of embedded, fracture, or penetrating filters, including stiff wire displacement technique for cone-shaped IVC filters, dual-access technique to displace the tilted filter, and balloon 
displacement technique using an interposed angioplasty balloon [14, 15] . Apart from the above techniques, Sugiura et al. reported successful retrieval of a Günther Tulip IVC filter surrounded by minor clots, using a loop wire technique [16] . Rubenstein used sling technique in 8 tilted IVC filters that could not be retrieved with standard technique [17] .
Although alternative methods are well-described for managing tip-embedded, tilted, or fracture filters, strut-embedded cylindrical-shaped filters are not routinely retrieved [18, 19] . The reasons are as follows: first, the cylindrical-shaped filter is less widely used in Europe and North America. 
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filter (Bard Peripheral Vascular, Tempe, AZ) [7] , and less use led to less retrieval experience. Second, the recommend in-dwell time is shorter in cylinder-shaped filters than in cone-shaped filters. The recommended in-dwell time of the OptEase filter is 12 days, which prompts clinicians to retrieve the filter within the retrieval time window. Masaya Nakashima reported 2 successful cases using disposable biopsy forceps to remove OptEase filters [20] . Thuong also reported 3 cases of attempted OptEase filter retrieval using rigid endobronchial forceps dissection and a wire-through-loop snare [7] . However, this technique was naturally more invasive than the simpler snare techniques because of the increased risk of vessel perforation 
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or rupture [21] . Ramsey Al-Hakim reported 2 complications of 17 cases with the use of endobronchial biopsy forceps, demonstrating a high rate of complications with this technique [22] . In contrast, bidirectional pull-back technique is safer because its coaxial bidirectional tractions do not tear the caval wall in the horizontal plane. The parallel shear forces in each direction, combined with counter advancement of sheaths, provide blunt dissection to separate the embedded struts from the caval wall. Moreover, the sheaths, guiding wire, and gooseneck snares are much softer than rigid biopsy forceps, which causes less damage to the vascular wall and adjacent tissue. Kuo et al. described the use of an endovascular laser sheath as a thermal dissection tool for free-embedded filters and the retrieval was successful in 98% of attempts. However, the only 2 retrieval failures were associated with cylinder-shaped filter [23] , possibly because the larger adherent surface area to the caval wall led to substantial scar tissue formation within the filter struts and eventually hindered filter collapse. In our current series, no special apparatus was required, which relieved the economic burden on patients. Moreover, the application of the 10-F sheath caused less risk of venous pseudoaneurysm in the access site. Out of all cases, attached tissue was removed along with the filter into the femoral sheath in just 2 patients; however, the postprocedure venography demonstrated the intactness of IVC and the patients had no complaints of discomfort. We postulate that dense fibrous tissue may have protected the caval wall from rupture. Histological examination also revealed predominance of neointimal hyperplasia.
It is clear that fluoroscopy time will be increased when the complexity of retrieval leads to longer attempts. The mean fluoroscopy time was 7.63±2.67 min in our study. [26] . Our mean fluoroscopy time for successful removal showed a comparatively longer time compared with these data. The reason was that the studies above contained conventional retrieval, which took a much shorter time than that with complex retrieval. Although longer than that of conventional methods, the fluoroscopy time was shorter compared with that of 25.2 min for complex OptEase filter retrieval reported by Uri Rimon et al. [27] . Prolonged caval wall collapse while constraining the adherent filter struts was believed to be associated with procedure-related thrombotic complications [10] . In our observation, the slightly increased retrieval time did not lead to recurrent caval thrombus. We gave therapeutic anticoagulation to all patients to minimize thrombotic complication.
The retrieval time window of different filtration devices varies among devices. The OptEase vena cave filter and Aegisy vena cava filter are both available as retrievable filters with short recommended in-dwell time due to extensive contact of the filter side struts with the inferior vena cava wall and subsequent neointimal hyperplasia leading to incorporation. Histologic evidence of specimens confirmed this mechanism.
With prompt clinical follow-up evaluation for timely filter removal, the number of required aggressive retrieval procedures has decreased. However, an estimated 15% of retrievable IVC filters cannot be removed in a timely manner for various reasons [9] . Our results clearly demonstrate that the filter can be removed without complications after a longer period of time than the recommended retrieval window with bidirectional pull-back technique.
Conclusions
In conclusion, since we cannot determine a method to resolve all filter retrieval of various types, the choice of which advanced technique to use was operator-dependent and not objectively assigned. The emphasis on an individualized plan will be helpful for filter retrieval. The bidirectional pull-back technique is safe and efficient, which would be especially advantageous for strut-embedded cylinder-shaped filters such as the OptEase and Aegisy after a failed standard attempt. Additionally, this method may also be helpful in retrieving cylinder-shaped permanent filter such as the TrapEase when no longer needed.
